Amino acid (aa) sequence homologies between viruses and autoimmune nuclear antigens are suggestive of viral involvement in disorders such as systemic lupus erythematosus (SLE) and scleroderma. We analyzed the frequency of exact homologies of .5 aa between 61 viral proteins (19,827 aa), 8 nuclear antigens (3813 aa), and 41 control proteins (11,743 aa). Both pentamer and hexamer homologies between control proteins and viruses are unexpectedly abundant, with hexamer matches occurring in 1 of 3 control proteins (or once every 769 aa). However, 2 nuclear antigens, the SLE-associated 70-kDa antigen and the scleroderma-associated CENP-B protein, are highly unusual in containing multiple homologies to a group of synergizing immunosuppressive viruses. Two viruses, herpes simplex virus 1 (HSV-1) and human immunodeficiency virus 1 (HIV-1), contain sequences exactly duplicated at 15 sites in the 70-kDa antigen and at 10 sites in CENP-B protein. The immediate-early (IE) protein of HSV-1, which activates HIV-1 regulatory functions, contains three homologies to the 70-kDa antigen (two hexamers and a pentamer) and two to CENP-B (a hexamer and pentamer). There are four homologies (including a hexamer) common to the 70-kDa antigen and Epstein-Barr virus, and three homologies (including two hexamers) common to CENP-B and cytomegalovirus. The maijority of homologies in both nuclear antigens are clustered in highly charged C-terminal domains containing epitopes for human autoantibodies. Furthermore, most homologies have a contiguous or overlapping distribution, thereby creating a high density of potential epitopes. In addition to the exact homologies tabulated, motifs of matching sequences are repeated frequently in these domains. Our analysis suggests that coexpression of heterologous viruses having common immunosuppressive functions may generate autoantibodies cross-reacting with certain nuclear proteins.
exact homologies of .5 aa between 61 viral proteins (19,827 aa), 8 nuclear antigens (3813 aa), and 41 control proteins (11,743 aa) . Both pentamer and hexamer homologies between control proteins and viruses are unexpectedly abundant, with hexamer matches occurring in 1 of 3 control proteins (or once every 769 aa). However, 2 nuclear antigens, the SLE-associated 70-kDa antigen and the scleroderma-associated CENP-B protein, are highly unusual in containing multiple homologies to a group of synergizing immunosuppressive viruses. Two viruses, herpes simplex virus 1 (HSV-1) and human immunodeficiency virus 1 (HIV-1), contain sequences exactly duplicated at 15 sites in the 70-kDa antigen and at 10 sites in CENP-B protein. The immediate-early (IE) protein of HSV-1, which activates HIV-1 regulatory functions, contains three homologies to the 70-kDa antigen (two hexamers and a pentamer) and two to CENP-B (a hexamer and pentamer). There are four homologies (including a hexamer) common to the 70-kDa antigen and Epstein-Barr virus, and three homologies (including two hexamers) common to CENP-B and cytomegalovirus. The maijority of homologies in both nuclear antigens are clustered in highly charged C-terminal domains containing epitopes for human autoantibodies. Furthermore, most homologies have a contiguous or overlapping distribution, thereby creating a high density of potential epitopes. In addition to the exact homologies tabulated, motifs of matching sequences are repeated frequently in these domains. Our analysis suggests that coexpression of heterologous viruses having common immunosuppressive functions may generate autoantibodies cross-reacting with certain nuclear proteins.
Disease expression in systemic rheumatic disorders (SRDs) has several features in common with infections caused by immunosuppressive viruses-e.g., human immunodeficiency virus 1 (HIV-1), herpes simplex virus 1 (HSV-1), cytomegalovirus (CMV), and Epstein-Barr virus (EBV). Common immune anomalies include lymphokine dysregulation, polyclonal B-cell activation, autoantibody production, anergy, diminished responses to specific antigens, and altered ratios of CD4' to CD8' T lymphocytes (1) (2) (3) (4) . Clinical similarities include a subacute, exacerbating, and remitting course; inflammation; musculoskeletal complaints; and lymphadenopathy (1, 5) .
However, efforts to demonstrate a viral etiology for SRDs have produced inconclusive results (6) . Accumulated data on cross-reactivities between SRD antibodies and viruses demonstrate that sera from patients with a single disorder react with viruses of different families (7) (8) (9) (10) . Two examples are systemic lupus erythematosus (SLE), characterized by high titer autoantibodies to U1, U2, and U4 to -6 small nuclear ribonucleoprotein (RNP) particles (11, 12) , and scleroderma, in which 40-50%o of patients have antibodies to centromeres, and another 25-30% have antibodies to Scl-70 (scleroderma 70-kDa antigen)/topoisomerase I (12) . Antibodies in SLE sera have been found to cross-react with the retroviruses human T-cell lymphotropic virus type I and murine leukemia virus, and the DNA viruses EBV and CMV (13) (14) (15) . Both scleroderma and SLE sera inhibit replication of the same adenoviral strains in vitro (16) . Furthermore, antibodies to a single virus-e.g., EBV-occur in several disorders, including SLE, Sjogren syndrome, and rheumatoid arthritis (8, 9, 17) .
A recent approach to establishing a viral link has involved the search for amino acid (aa) sequence homologies between major nuclear antigens (na) and viral proteins. This approach is based on bacterial/autoimmune paradigms, in which molecular mimicry is believed to generate anti-self antibodies, which injure cells and tissues (18) . An example is the identification of common epitopes between Klebsiella nitrogenase reductase and HLA B27.1, which carries an increased risk for ankylosing spondylitis (19) (20) (21) (22) . Recently viral homologies have been reported in two major nuclear antigens: Scl-70/topoisomerase (23) , and the 70-kDa antigen, a component of Ul RNP particles (24, 25) . Interestingly, two homologies identified by different investigators in the 70-kDa protein are each associated with a different virus: a type C retrovirus (24) and influenza B virus (25) .
In and EBV (GGSGSGP) and an octamer match between ovalbumin and the simian retroviral protein p275ag (GSAE-AGVD). The frequency of occurrence is 5.5-fold higher than by random chance. The average rate of .6 aa homologies is higher for the na group (once every 347 aa), due to multiple matches in CENP-B and 70-kDa antigen. It was of interest, therefore, to further analyze these homologies. Table 2 reports all exact homologies of .5 aa identified in comparing the 70-kDa protein to the file of 61 viral proteins. The table excludes the ETPEEREERRR consensus sequence and the ERKRR motif described previously (24, 25) . There is some debate as to whether the entire sequence representing 614 aa is actually translated (38) . Our rationale for considering the longer sequence is 2-fold. (i) Differences in reported lengths may result from alternative splicing, as proposed by Spritz et al. (39) . This is in itself a possible mechanism generating "foreign" epitopes (see Discussion).
(it) A significant degree of homology between viral proteins and sequences immediately upstream of the 70-kDa protein provides a mechanism for direct viral intervention in the expression of these sequences (see Discussion).
The upper section of Table 2 The C terminus of the 70-kDa protein (lower section of Table 2 ) has recurring stretches of the alternating basic and acidic amino acids arginine and aspartic acid (RDRDR. . Shorter forms of these sequences (e.g., RDRD, DRDR) are interspersed among the longer stretches. Half of the matches to the C terminus of the 70-kDa protein (6 of 12) are to HIV-1, and an additional homology is seen to the simian AIDS virus SRV-1. The RDRDR. . . stretches in particular match the HIV-1 transmembrane glycoprotein gp4l, a proteolytic product of gpl60 (40) . Following the longest RDRDR.. . stretch in the autoantigen is a gap of 9 aa followed by a second match (ERGRD) to gp4l. Other hydrophilic stretches in close proximity to RDRDR... also contain viral homologies ( Table 2 ). The sequence RERRE (aa 415) contains homology to p30w and also occurs in similar form aa 428 (RERRR), 449 (ERRR), 475 (RRERE), 527 (RERRR), and 537 (RERRR). These stretches are similar to the consensus sequence ETPEEREERRR and the motif ERKRR described elsewhere (24, 25) , both ofwhich react with human anti-Ul antibodies. Other correlations between known epitopes and these sequences are presented in the Discussion. To further predict the antigenic probability of the hydrophilic stretches, the A.I. was calculated (as described in Materials and Methods). The Table 2. of CENP-B is unusual both in terms of its composition and the viral matches identified. The complete sequence reveals two extended domains ofacidic amino acids in the C-terminal one-third of the protein, known to contain epitopes reacting with anti-centromere antibodies from scleroderma patients (41) . Sequences in these domains, composed primarily of glutamic acid, aspartic acid, or combinations of the two, also occur in 6 viruses. A total of 16 of 18 viral matches to the C terminus of CENP-B map to these domains. The human pathogens HSV-1 and CMV contain 4 and 3 matches, respectively, including a total of 3 hexamers. The sequence DEDDD is common to both viruses. Two sites in the acidic domains are homologous to HIV-1 proteins, including a hexamer match to gp4l. The leukemogenic virus MC29, which has structural similarities to adenoviruses (see Discussion), matches to 6 acidic sites. The acidic homologies lie in regions of CENP-B having maximum surface probability. These regions have a uniform A.I. of 0.9, compared to an average of 0.52 for the entire protein. Fig. 1 
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ESV-1 Although not mapped in Fig. 1, a Table 2 lie within previously identified epitope sites (43, 44) . Another 10, most matching to HSV-1, lie within the extreme N terminus encoded by the 3.9-kilobase mRNA fragment (27, 39) . This area has not been analyzed for the presence ofepitopes. As suggested by Spritz et al. (39) , shorter and longer versions of the 70-kDa protein, the shorter lacking the N terminus, may arise from alternative splicing. It will be ofinterest to determine whether alternative splicing plays a role in the generation of new epitopes in SRDs. Viruses are known to have a role in aberrant splicing of cellular proteins (45) .
All of the homologies identified to CENP-B (Table 3) are potentially within epitopic areas, as determined from existing studies (26, 41) . In particular, the acidic C domains appear to be important in immunoreactivity, although epitopes also exist in the N-terminal two-thirds of the protein (41) . Thus, both the antigenic probabilities (see Results) and the correlation with known epitopic sites predict that many of the homologies identified will be antigenic. This likelihood is further supported by the hydrophilicity and high surface probability of most of the sequences, as discussed below.
The Hydrophilic Nature of Many Homologies. It is apparent ( Tables 2 and 3 ) that most of the viral homologies in the 70-kDa protein and CENP-B are hydrophilic. Only 5% of those in the control group are distinctly hydrophilic (i.e., .50%o hydrophilic amino acids). Homologies identified here, therefore, have a high probability of being exposed to the aqueous environment and particularly to the immune system. Moreover, previously identified homologies in the 70-kDa protein known to have immunoreactivity are also hydrophilic, including the ETPEEREERRR consensus sequence and the ERKRR motif (24, 25) . The acidic homologies in CENP-B are interesting from the perspective of their evolutionary relation to both viruses and cellular oncogenes. The consensus sequence SDSEEE (Table 3) has also been identified in adenoviral strains and in both v-myc and c-myc (Table 3 ; ref. 46 ). Other acidic consensus sequences also occur in both DNA and RNA viruses (46) . The function of these sequences is not known (46) . However, their occurrence in extended stretches of CENP-B creates the potential for interaction of virally encoded functions with either the gene encoding CENP-B or directly with centromeres. It is interesting that monoclonal antibodies raised against an acidic HSV-1 IE epitope give a punctate metaphase chromosome staining pattern in HSV-1-infected cells (47) .
The Clustered, Overlapping Distribution of Homologies. In contrast to homologies identified in control proteins, the majority of the 70-kDa protein and CENP-B homologies are contiguous or overlapping (Fig. 1) . This is also typical of the cross-reacting homologies between Klebsiella nitrogenase reductase and HLA B27.1, in which epitopes cluster and overlap within a short region (22) . As in the Klebsiella homologies, we identified four instances in which the 70-kDa protein and CENP-B contained two closely spaced homologies to a single viral protein (see Results). If, as we propose, simultaneous activation of immunosuppressive viruses occurs, the distribution of homologies seen in Fig. 1 creates a high density of potential epitopes for cross-reactivity with the resulting anti-viral antibodies.
Homologies to Immunosuppressive Viruses. In addition to containing conserved sequences, certain viruses of different families synergize in infecting cells of the immune system. Both HSV-1 and EBV activate the expression of HIV-1 long terminal repeat sequences (48, 49) . A crucial role in this activation is played by the IE protein (50) . Coinfection of T cells with CMV and HIV-1 enhances the expression of both viruses and involves an IE CMV protein (51) . An analysis of homologies in 70-kDa protein (Table 2) and CENP-B (Table  3) reveals that these four viruses-HSV-1, HIV-1, CMV, and EBV-account for 71% of the matches to the 70-kDa protein (20 sites) and 52% of the matches to CENP-B (14 sites) ( Tables 2 and 3 ). Interestingly, 6 homologies to the two IE proteins of these viruses were identified in 70-kDa protein and CENP-B, including 3 hexamers (Tables 2 and 3 ). Our analysis suggests that synergistic viruses of different families that are prevalent in the environment may play a role in autoreactivity in SRDs (and predict that a virus similar to HIV-1, but less lethal, exists). This model is not only congruent with current infectious disease paradigms but also accounts for the multiple epitopes known to occur in na.
